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Abstract.
We discuss the status of the Inert Doublet Model, a two-Higgs doublet model that obeys a
discrete Z2 symmetry and provides a dark matter candidate. We discuss all current theoretical and
experimental constraints on the model as well as discovery prospects at current and future colliders.
1. Introduction
The Inert Doublet Model (IDM) [1–3] is an intriguing extension of the Standard Model (SM) scalar
sector which features a dark matter candidate. It is a two Higgs doublet model with the scalar
potential
V = −12 [m211(φ†SφS)+m222(φ†DφD)] + λ12 (φ†SφS)2+ λ22 (φ†DφD)2 +λ3(φ†SφS)(φ†DφD)
+λ4(φ
†
SφD)(φ
†
DφS) +
λ5
2 [(φ
†
SφD)
2+(φ†DφS)
2]
obeying an additional discrete Z2 symmetry (called D-symmetry) under which φS → φS , φD →
−φD, SM→ SM. Exact D-symmetry implies that only φS can acquire a nonzero vacuum expectation
value (v) and the φS doublet plays the same role as the corresponding doublet in the SM, providing
the SM-like Higgs particle. The same Z2 symmetry implies that the second doublet, the inert (or
dark) φD, does not mix with the SM-like field from φS and does not couple to the SM matter fields.
The dark sector contains four new particles: two charged and two neutral ones, labelled H± and
H,A, respectively. The lightest one is therefore stable and we choose H as the DM candidate. The
IDM has been widely explored in the literature; cf. e.g. [4–30] for recent discussions.
After electroweak symmetry breaking the model contains seven free parameters. Agreement with
the Higgs boson discovery and electroweak precision observables fixes the SM-like Higgs mass mh
and v, and we are left with five free parameters: the dark scalar masses mH ,mA,mH± and two
couplings λ2, λ345 ≡ λ3 + λ4 + λ5.
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2. Experimental and theoretical constraints
Here we list the constraints applied in our studies (see refs [8, 26,29] for more details):
Theoretical constraints: included are positivity of the potential [31], condition to be in the inert
vacuum [32]1 and perturbative unitarity [33,34]. Some of these constraints are tested via the publicly
available two-higgs doublet model calculator (2HDMC) tool [35].
Collider constraints: included are agreement with electroweak precision tests [36] via oblique
parameters [37–40], agreement with electroweak gauge boson widths [41], requirement of a short-lived
charged scalar2, agreement with recasts of LEP and LHC searches [13, 30, 43], the total width [44],
the invisible branching ratio of the 125 GeV Higgs [45] and the branching ratio h → γγ [46],
agreement with current collider measurements of the Higgs signal strength as well as null-results for
additional scalar searches at the LHC, where we make use of HiggsBounds-5.4.0beta [47–50] and
HiggsSignals-2.2.3beta [51].
Astrophysical constraints: included are agreement with results from direct detection experiments [52]
and that the dark matter relic density for our model does not lead to overclosing of the universe;
i.e., we require the relic density to be at most within a two sigma range of the last value measured
by the Planck experiment, i.e. Ωc h
2 ≤ 0.1224 [53]. Dark matter predictions have been obtained
using micrOmegas version 4.3.5 [54].
The above constraints limit the allowed regions of parameter space via an involved interplay.
In particular, they limit regions for different dark matter masses, depending on the kinematic
availability of the invisible on-shell decay h → HH. For masses mH ≥ 62.5 GeV, major constraints
stem from an interplay of electroweak constraints as well as direct detection limits. The former
mainly determine the maximally allowed mass splitting between the dark scalars, while the latter
set an upper limit on the maximally allowed value of λ345. We exemplarily show this in figure 1,
where we display allowed points in the plane of scalar mass differences as well as in the mH ;λ345
plane. For parameter points where mH ≤ 62.5 GeV, we refer the reader to [15,23,26,29] for a more
detailed discussion.
3. IDM at colliders
Hadron colliders: The main production channels at hadron colliders correspond to the Drell-Yan
production of an HA or HH± pair, followed by the predominant decay chains A → Z H; H± →
W±H and leading to a signature of gauge boson(s) and missing transverse energy, with on- or off-
shell electroweak gauge bosons depending on the kinematic configuration and available phase space.
Production cross sections for the above processes can reach up to 1 pb (3 pb) at a 13 TeV (27 TeV)
LHC [15, 23, 56]. Phenomenological studies of the IDM at hadron colliders have been presented in
e.g. [4, 11, 13–15, 19–22, 25–27, 57]. However, although many searches, e.g. within simplified models
or supersymmetric context that can lead to similar final states, have been performed by the LHC
experiments, no dedicated search for this model exists. In [30], recasts of a large number of 13
TeV searches have been considered using the CheckMATE [58,59] framework. The most constraining
search for invisible decays of the SM Higgs in vector boson fusion [60] allows to put limits on the IDM
parameter space in a region with a resonantly enhanced dark matter annihilation cross section in the
region mH ∼ 62.5 GeV, followed by monojet searches [61]. Searches with multilepton and missing
transverse energy [62,63] were not able to pose further constraints. This is due to the fact that they
1 For the recast studies in [30], that condition was relaxed. See that reference for a detailed discussion.
2 We here take a rough estimate on the charged scalars lifetime; see e.g. [42] for a recent recast of LHC searches.
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Figure 1. Allowed regions in parameter space after all constraints are taken into account. Left:
in the mH± −mH ;mA −mH plane, taken from [29]. Also shown are benchmark points discussed in
that work. Right: Allowed regions in the mH ;λ345 plane. This corresponds to an update of figure 7
from [26]. Color-coding corresponds to the value of the leading-order production cross-sections for
HA-production in pb at a 13 TeV LHC. These values were obtained using MG5 aMC@NLO [55] with
the UFO interface from [7].
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Figure 2. Recast results for 13 TeVsearches for invisible Higgs decays, monojet, and multilepton
and missing transverse energy searches [60–63], taken from [30]. Left: parameter space in the
mH ;λ345 plane constrained by dark matter and recast bounds. Right: Estimated number of events
in the dilepton channel as a function of kinematically available missing transverse energy. In [62], a
cut on /E⊥ ≥ 90 GeV is set, leading to a relatively small number of events even prior to additional
selection cuts.
usually require a relatively large cut on missing transverse energy, requiring in turn a rather large
mass splitting in the dark sector that leads to smaller production cross sections. Our corresponding
findings are summarized in figure 2. We encourage the LHC experimental collaborations to enhance
their searches for multilepton final states and missing tranvserse energy by going to lower /E⊥ cuts
(see also [64]).
Lepton colliders: Benchmarks for the Inert Doublet Model that are in compliance with all recent
bounds and can be searched for at future lepton colliders have been presented in [28,29], with results
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Figure 3. Projected significances, as a function of the relevant masses, for various benchmark
points after full simulation and BDT analysis for various center-of-mass energies, taken from [28].
Left: For dimuon and missing transverse energy (HA channel). Right: For different flavour dilepton
final states (H+H− channel).
presented in [28,65]. We here focus on the main production channels (i) e+e− → H A; (ii) e+e− →
H+H− and subsequent leptonic decays into (i) dimuon and (ii) different flavour dilepton final states
accompanied by missing transverse energy. Production cross sections for the above channels can
reach up to ∼ 150 fb for collider scenarios with center-of-mass energies in the 250–500 GeV range [29].
In [28], a detailed analysis was presented for the potential of CLIC [66–69] running at center-of-mass
energies of 380 GeV with an integrated luminosity of 1 ab−1 as well as 1.5 and 3 TeV with 2.5 ab−1
and 5 ab−1, respectively [69]. Signal and background were simulated using WHizard 2.2.8 [70, 71].
For the signal, we made use of the corresponding SARAH [72]/ SPheno 4.0.3 [73, 74] interface. In
the simulation, we did not specify intermediate states but instead considered all processes leading to
dilepton final states and missing transverse energies, including processes with up to four additional
neutrinos. After preselection cuts, a boosted decision tree (BDT) algorithm as implemented in the
TMVA toolkit [75] was employed to optimize selection criteria. Beam spectra and beamstrahlung
were included in all analyses. Our findings are summarized in figure 3, where we plot the expected
significance as a function of the relevant mass scales. We find that at a center-of-mass energy of
380 GeV, scales up to 300 GeV are accessible. An increase in collider energy enhances this reach
up to 550 GeV for the dimuon and 1 TeV for the different flavour final states.
4. Conclusions
We discussed the current status of the Inert Doublet Model, a two Higgs doublet model with a
discrete symmetry that features a dark matter candidate. The model is already relatively strongly
constrained, with major limits stemming from electroweak precision data, theoretical bounds on
the potential and the couplings, as well as dark matter findings. We discussed limits and discovery
prospects at current and future hadron colliders as well as e+e− machines.
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